Electrons scattered by alumina ceramic transverse beam profile monitors inserted in the Advanced Photon Source (APS) booster-to-storage ring (BTS) transfer line are used to generateCerenkov light for calibration of beam loss monitors (BLMs) installed in the Linac Coherent Light Source (LCLS) undulator beamline. In addition, gas bremsstrahlung (GB) photons generated by 7-GeV electrons in the APS sector 35 storage ring straight section are used to create pair-production electrons for measurement and calibration purposes. Both cases are modeled with the particle-matter interaction program MARS. The realized tuning fork geometry of the BLM exhibits regions of greater sensitivity in the radiator. Transverse GB beam scans have provided uniformity and sensitivity data throughout the volume of the radiator. Comparisons between predicted and measured signal strengths and thermoluminescent dosimeter readings are given and shown to be in reasonable agreement.
STATUS
Installation of the 33 undulatorCerenkov beam loss monitors (BLMs) was completed in FY2010. All are now integrated into the LCLS machine protection system (MPS). In addition to providing machine protection, we have considered using the BLMs to provide dosimetry for the undulator permanent magnets. Dosimetry requires calibration of the BLM system, which is accomplished through measurements and simulations. Detector calibration data is sought in terms of output charge for a given input charge incident on the BLM; we then use simulations to tie electron fluence in the radiators to neutron and star fluence in the magnets.Cerenkov beam loss monitors are good at detecting low levels of electron fluence; however, they are poor indicators of energy. Both fluence and energy are needed to determine dose; therefore simulations must be relied upon to provide average energy and energy deposition. This calibration effort is on-going.
CALIBRATIONS AND SIMULATIONS
BLM testing was initially considered in three separate areas of the Advanced Photon Source (APS) where beam loss can be created or is known to occur. These locations are 1) booster to storage ring (BTS) transport line, 2) * Work supported by the U.S. Pb bricks 21 m downstream of the booster extraction kicker magnet. The BLM is mounted to a pneumatically driven, linear slide that raises the monitor 15.2 cm out of the shield when exposure is desired. During dedicated machine studies, thermoluminescent dosimeters (TLDs) were placed on and around the BLM and the Pb shield bricks. A footprint of the Pb shield with TLD locations is shown in Figure 1 .
Electron bunches were continuously extracted from the booster synchrotron at a 2-Hz rate while flags FS1 and FS2 were separately inserted into the beam. Over a period of approximately 70 minutes, the BLM was raised out of the Pb shield and exposed to the shower created by each of the two flags. TLD data recorded from the study are presented in Table 1 and compared with the results of MARS simulations. The position numbers given in the table refer to the locations shown in Fig. 1 .
During the BTS study, FS1 flag was inserted into the beam for 42.25 minutes and FS2 flag for 27.27 minutes; over these periods the total charges extracted were 8946 nC and 5540 nC. Simulations predict TLD dose rates for both cases. During the study,Cerenkov light pulses induced by Figure 2 shows loss pulses with flag 2 inserted into the beam for PMT bias voltages of -500 V and -700 V. Afterpulse effects are evident at higher PMT voltages (gain). Afterpulses may result following short, high-intensity light signals [2, 3] . The figure shows 120 waveforms superimposed for each bias case representing 1 minute of data at 2 Hz. The afterpulse relative amplitude is clearly voltage dependent. Afterpulsing is statistical, so integrating the afterpulse should not help the measurement. Typically, the LCLS BLM HV is set to -500 V, sufficient to provide adequate gain, yet low enough not to provoke afterpulsing.
An original set of five undulator BLMs were installed in 2009. When the full complement of 33 BLMs were delivered and installed in FY2010 replacement fused-silica radiators were used. The new radiators show better optical coupling efficiency. Initial tests in the BTS were conducted with the original set of radiators. Figure 3 provides a comparison of measured PMT output charge versus highvoltage bias for the two flags. We note that the new glass never appears to follow the 7 th -power scaling for gain versus voltage that works well for the old glass. 
Sector 35 Beamline
Gas bremsstrahlung (GB) radiation, composed almost entirely of high-energy photons, forms a narrow beam at the location of the BLM, 38 m downstream from the center of the ID straight section. The GB transverse profile is approximately round with a FWHM diameter measured to be 2 mm. A 3.2-mm thick copper plate 30 cm upstream of the BLM is used to create pair production electrons and positrons and causes the radiation to spread transversely before reaching the BLM. The radiation length of copper X Cu is 12.8 g/cm 2 ; with a density of 8.9 g/cm 3 , t Cu = X Cu /ρ Cu =1.44 cm. Thus, the copper plate represents 0.22 radiation lengths. BLM count rates are recorded during x-y scans of the radiator through the electromagnetic shower produced by the GB beam and copper plate. Figure 4 (a) displays scan count rates for the radiator oriented at normal incidence to the GB beam and Fig. 4(b) at 45
• . At SLAC, all LCLS BLMs are oriented normal to the electron beam axis.
MARS simulations were performed with and without an 8.2-mm-thick W shower enhancer placed just upstream of the BLM. Simulating a vertical scan of GB beam through For calibration purposes using GB radiation, the characteristics of the target gas must be known; this includes target density, ρ ss L ss , and the chemical constituency in terms of the effective atomic number, Z ef f . These quantities are a function of path along the beam direction, s. Average values are used in this expression. Thus, target density ρ ss L ss = ρ(s)ds and average effective atomic number may be expressed as
Corrections are also be made for actual current (100 mA), current-dependent pressure, straight-section length, and Z ef f . Recent measurements of GB in sector 35 with a Pb:GlassCerenkov detector indicate Z ef f =2.8; whereas, air is assumed in the simulations. The correction factor for Z ef f may be written as
In the present case, k Z =0.175. Measurements presented in Fig. 4(a) show a 2.5 order variation between the peak count rate and that in the large area of the radiator, suggesting a coupling efficiency of about 3×10 −3 . The efficiency is in rough agreement with the value mentioned above; however, the GB count rates in the radiator main body are quite low. Steps to increase the count rate in this region are under investigation. 
